Bakground: The objective of this study was to determinate the prevalence of chronic kidney disease (CKD) and the different stages of CKD in patients with type 2 diabetes mellitus (DM2) treated in primary care consults in Spain.
Background
Chronic kidney disease (CKD) is considered an important public health problem [1] , as it increases the mortality risk for any cause, which increases the frequency of cardiovascular disease episodes and the progression to end-stage renal disease (ESRD) independently of traditional CVRF [2] [3] [4] [5] .
Diabetes mellitus (DM) is one of the leading causes of CKD and is recognised as one of the leading causes of ESRD in the United States [6] . Approximately 40% of the adult population diagnosed or not diagnosed with DM has some degree of CKD in the United States. CKD increases the cost of managing DM [7] . CKD commonly initiates at the prediabetes stage due to its coexistence with other CVRF, and CKD is present in one-third of DM2 patients [8] .
Annual screening for CKD in DM2 patients, including the UACR and eGFR, is recommended at the moment of disease diagnosis. Early identification of CKD would allow immediate intervention, thus diminishing the progression of renal disease and cardiovascular risk. Chronic Kidney Disease include diminished eGFR and/or increased UACR, although a considerable percentage of DM2 patients present reduced eGFR without increased UACR [9] .
The guidelines provided by the National Kidney Foundation (NKF) for the evaluation, classification, and stratification of CKD in the Kidney Disease Outcomes Quality Initiative (KDOQI) [10] define the following as diagnostic criteria for CKD: a eGFR value below 60 ml/min/ 1.73 m 2 in a time period equal or superior to three months or the presence of renal lesion with or without reduced GFR in a time period equal or superior to three months. The concept of renal lesion is defined as the presence of structural or functional alterations of the kidney detected directly by histological alteration in the renal biopsy or indirectly by an UAE increase, alterations in the urine sediment, or differences identified with imaging techniques. The combination of these clinical criteria is the basis for the classification of CKD in five stages.
The objective of this study was to establish the prevalence of CKD and the different stages of CKD in patients with DM2 treated in primary care consults in Spain.
Methods

Study design and population
This study was a national cross-sectional study performed in primary care consults. Estimating a higher prevalence of chronic kidney disease in women than in men, and higher in those over 64 years, there was a proportional stratified sampling. A sample size of 1153 patients was calculated assuming a 0.05 alpha error and 2.5% precision for an estimated prevalence of 25%. Foreseeing a 20% loss due to erroneous or incomplete data, the size of the sample was increased to 1383 patients. During the recruitment, 1279 patients were included in the study, but 134 (10.4%) patients were discarded because of incomplete or erroneous data. To rule out a bias attributable to patients discarded we compared each other groups, of all variables compared did not show differences. The total number of valid patients for the final analysis was 1145. The patients included both genders and were over 40 years old. Moreover, the patients were diagnosed with DM2, and they had all of the variables necessary for the study included in their clinical history. Each researcher included 15 patients who met the inclusion criteria, a maximum of 3 patients per day. The patients were selected by convenience sample of the first 3 DM2 patients each day who came to the consult for any reason and met the inclusion criteria until complete the number of participants per researcher.
The information for each participant was collected in the period from February to July 2011. The Ethical and Clinical Investigation Committee of the Institut d' Assistència Sanitària (IAS) in Salt, Girona, Spain approved the study. To obtain the necessary data for this study from the clinical history of patients, all participants provided written informed consent.
Variables and procedure
The following variables were collected during the visit: age, gender, ethnicity, weight, height, body mass index (BMI) was calculated as weight in kilograms divided in meters squared; obesity was defined as BMI ≥ 30 kg/m 2 , abdominal waist circumference, CVRF. Cardiovascular diseases (CVD) was collected through the medical record as a history of Stroke (ischaemic cerebrovascular disease) included only symptomatic brain infarction, and did not include silent brain infarction, transient ischaemic attack or brain haemorrhage. CHD included a previous history of myocardial infarction, angina pectoris, the presence of coronary interventions or the presence of ECG abnormalities suggestive of CHD. PAD was diagnosed by an ankle-brachial pressure index of < 0.9 and/or two absent foot pulses. Diabetes mellitus was defined as fasting glucose ≥ 126 mg/dL or non-fasting glucose ≥ 200 mg/dL or use of glucose-lowering drugs. Hypertension was defined as SBP of 140 mmHg or greater, DBP of 90 mmHg or greater, or use of antihypertensive medications irrespective of BP. Hyperlipidemia was defined as total cholesterol ≥ 250 mg/dL, LDL cholesterol > 155 mg/dL, HDL cholesterol < 40 mg/dL in men and < 48 mg/dL in women, trigycreides > 150 mg/dL or pharmacologig lipid lowering treatment. Cigarette smoking was defined as never/past/current.
The following clinical and analytical measurements were collected: DM2 duration, arterial pressure (average of the last three determinations), drugs taken by the patient at the time the data were collected (antidiabetic, antihypertensives, hypolipemiant, antiplatelet, and anticoagulants). Basal glycaemia, glycosylated haemoglobin (HbA1c), plasmatic haemoglobin, total cholesterol, LDL cholesterol, HDL cholesterol, non-HDL cholesterol, triglycerides, serum creatinine after overnight fasting for at least 12 hr, and the urine albumin-creatinine ratio (UACR) in a urine sample collected in the first morning urine specime, using the most recent value of the last 12 months. The analysis determination was not performed by a single laboratory.
In this study, the presence of CKD was based on KDOQI [10] criteria as follows: patients with GFR < 60 ml/min/1.73 m 2 or the presence of renal damage if UACR values were elevated (UACR ≥ 30 mg/g). Considering that all of the values for serum creatinine were measured using the modified kinetic method of Jaffe, the MDRD-IDMS (Modification of Diet in Renal Disease study-isotope dilution mass spectrometry) equation [11] was used to calculate the GFR. Albuminuria was defined as a UACR of 30 mg/g or more. Microalbuminuria was defined as a UACR ranging from 30 to 299 mg/g, and macroalbuminuria was defined as a UACR of 300 mg/g or more. CKD was defined as the presence of albuminuria or eGFR < 60 mL/min/1.73 m . Two of three determinations of eGFR or/and UACR, in a period of three or more months, should be presented normal or altered values. The cases that did not fulfil this requisite were excluded from the final analysis of the study. The same requirement of two or more measurement in three months was applied to a classification of presence CKD or absence CKD ("no CKD").
Statistical analysis
Measurements of central tendency and dispersion were used to perform a descriptive analysis of the quantitative variables studied. Absolute and relative frequencies were used for qualitative variables. The global CKD prevalence was calculated, and the CKD prevalence of each stage was also calculated. Age group and sex stratified the results. Bivariate analysis of contrasting hypotheses was used to establish the presence of statistically significant differences in the clinical characteristics of the patients depending on the presence or absence of CKD and its stage. Proportion comparison was performed by means of a Chi-squared test with Yates correction when it was considered necessary. The means of the clinical and analytical variables were compared with the ANOVA test and the medians were compared with the the Kruskal-Wallis test depending on the distribution of the data. The normal distribution of continuous variables was contrasted with the ShapiroWilk test. The Bonferroni correction was used for multiple testing. The association degree between the demographic and clinical characteristics of the patients and the presence or absence of CKD was established with a binomial logistic regression. The results were expressed as absolute numbers, percentages, medians, standard deviations, odd ratios, and CI of 95%. Statistical significance was set at 0.05 when contrasting hypotheses. Data analysis and processing were performed using the SPSS 14.0 statistical program for Windows.
Results Table 1 shows the clinical and demographic characteristics of the 1145 participants. When comparing men and women, no significant differences were detected with age, HbA1c levels, and arterial pressure. Men presented higher values for creatinine, because men have more muscle mass than women, and smoking than women. Total cholesterol levels and HDL cholesterol were higher in women than in men. The prevalence of coronary disease, ictus, and peripheral vascular disease was higher in men than in women. Table 2 shows the prevalence of the different types of kidney disease. Prevalence of CKD in patients was 27.9% (CI 95% = 25.2 -30.5), and the CKD prevalence was classified into the following stages: 3.5% with stage 1 (CI 95% = 2.3 -4.6); 6.4% with stage 2 (CI 95% = 4.9 -7.8); 16.8% with stage 3 (CI 95% = 14.6 -19.0), including 11.6% with stage 3A (CI 95% = 9.7 -13.5) and 5.2% with stage 3B (CI 95% = 3.9 -6.5); and 1.2% with stages 4 and 5 (CI 95% = 0.4 -1.7). Due to their low prevalence, stages 4 and 5 were analysed together. Prevalence for UACR ≥ 30 mg/g was 15.4% (CI 95% = 13.2 -17.5), microlbuminuria 13% (CI 95% = 11.1 -15), and macroalbuminuria 2.4% (CI 95% = 1.4 -3.2). Renal impairment (RI) (eGFR <60) was found in 206 patients (18%) of whom 133 patients (64.6%) was stage 3A, 60 patients (29.1%) was stage 3B and 13 patients (6.3%) stages 4 and 5. Among patients with RI, 143 patients (69.4%) had normoalbuminuria.
The comparison of diabetic patients with CKD vs diabetic patients with no CKD showed no significant difference in their sex, BMI, weight, systolic arterial blood pressure (SABP), diastolic arterial blood pressure (DABP), tobacco use, or lipid profile values. No significant differences between the groups were found when comparing DM2 duration or glycaemia levels. However, diabetic patients with CKD had higher HbA1c values than diabetic patients without CKD. Diabetic patients with CKD had elevated creatinine values. Creatinine values, in CKD patients, increased as the disease progressed. Age was significantly correlated with CKD with increasing percentages of elderly patients in the most advanced stages. Patients diagnosed with arterial hypertension had a higher CKD prevalence ( Table 3 ).
The multivariate analysis by binomial logistic regression demonstrated that CKD was significantly associated with age. Older age was associated with higher CKD prevalence among women if SABP ≥ 150 mm Hg. Even at SAP ≥ 140 mm Hg, an increased CKD prevalence was observed. A previous clinical history of ischemic cardiac disease, cardiac insufficiency, or peripheral vascular disease was significantly associated with increased CKD prevalence ( Table 4) .
Discussion
To the best of our knowledge, this study was the first epidemiological investigation on CKD prevalence using the KDOQI criteria on Spanish patients attending primary care consults. Different studies have been performed in Spain on IR prevalence in DM2 patients [12] [13] [14] [15] . The study by Lou Arnal et al. [16] has been the only report published on CKD prevalence in DM2 patients in primary care consults, and their study was performed with only one UACR measurement in Alcañiz, Teruel, Spain. The results of the PERCEDIME2 study showed an elevated CKD prevalence in DM2 patients in primary care consults in Spain. DM2 patients with CKD, 18% had a eGFR < 60 ml/min/1.73 m 2 and 15.4% had albuminuria. In patients with a eGFR > 60 ml/min/1.73 m 2 , 9.9% presented albuminuria. In the study by Lou Arnal et al. [16] , 34.5% of DM2 patients presented some stage of CKD, 16.1% of DM2 patients had albuminuria (14.3% microalbuminuria and 1.8% macroalbuminuria), and 9.4% of the patients with eGFR ≥ 60 ml/min/1.73 m 2 had albuminuria. Vinagre et al. [17] found a prevalence of 20% for RI and 16.7% for albuminuria. In another study in Spain [8] the prevalence off different types of renal disease in DM2 was: 34,1% for any type of CKD, 22,9% RI and 19,5% for albuminuria. In a study performed in primary care centres in the Netherlands, van der Meer et al. [18] observed that 27.6% of DM2 patients had CKD and that 13.6% of these DM2 patients had albuminuria. Another study in the United Kingdom [19] showed that 31% of diabetic patients had a GFR < 60 ml/min/1.73 m 2 and 37% of these patients had albuminuria. Pugliese et al. [20] found that the prevalence of RI was 18.7% and CKD 37.5% with the MDRD Study equation. Penno et al. [21] observed that in patients with renal impairment, as identified by an estimated glomerular filtration rate (eGFR) less than 60 ml/min per 1.73 m 2 , 56.6% were normoalbuminuric, 30.8% were microalbuminuric, and 12.6% were macroalbuminuric. In the United States Plantinga et al. [22] showed that 32.9% of U.S population had CKD and that 19.4% of these patients had albuminuria. In a study performed in Australia, Thomas et al. [23] observed that 23.1% of DM2 patients had a GFR < 60 ml/min/ 1.73 m 2 and that 34.6% of these patients had albuminuria (27.3% microalbuminuria and 7.3% macroalbuminuria). In a Japanese study, Ohta et al. [24] found that 46% of DM2 patients had CKD and that 36.1% of DM2 patients had albuminuria, and this group reported that 25.2% of these patients had a GFR below 60 ml/min/1.73 m 2 . A study performed in Thailand [25] reported that DM2 patients in primary care consults had an albuminuria prevalence of 37.2% (26% microalbuminuria and 11.2% macroalbuminuria). In a study performed in Shanghai, Jia et al. [26] reported that 29.6% of DM2 patients had CKD and that 26.2% of these patients had albuminuria (22.8% microalbuminuria and 3.4% macroalbuminuria). Different prevalence of renal impairment and albuminuria among studies may due to the different methodology applied. Our study required that two of three determinations of eGFR or/and UACR, in a period of three or more months, should be presented normal or altered values.
Early detection of CKD has important clinical implications. It is well known that a diminished eGFR is associated with increased global mortality and cardiovascular episodes [2, [27] [28] [29] . Different epidemiological studies have demonstrated that increased UAE is an important risk factor for CKD in DM2 patients. A meta-analysis of these studies [30] has shown that increased UAE doubles the cardiovascular morbidity and mortality risk. Moreover, UAE values in the high range of normality even predict cardiovascular and renal complications [1, 31] . Patients with DM2 and CKD have an elevated risk of cardiovascular and renal complications, thus requiring improved intervention and control [32, 33] . Albuminuria and mortality association is lineal in a logarithmic scale, and this risk doubles in patients with microalbuminuria with UACR levels within the optimal range independent of the eGFR and presence of other classic CVRF [5] . In the HUNT II study [34] , the presence of albuminuria and reduced eGFR was associated with an increased risk of cardiovascular mortality. Astor et al. [35] reported that reduced eGFR and increased UAE independently increases the mortality risk for patients with CVRF, and the simultaneous occurrence of reduced eGFR and increased UAE was associated with an even higher risk. Our study found a high prevalence of PVD, different studies have shown a high prevalent PAD associated with microalbuminuria alone, reduced eGFR alone, and both reduced eGFR and microalbuminuria compared to those without microalbuminuria or reduced eGFR [36, 37] . The higher prevalence in men may be related to the higher percentage of male smokers.
The present study had weaknesses and strengths. Although all autonomous communities were represented and efforts were made to ensure a representative distribution of the Spanish territory, this study was not a population-based study. The investigators were not randomly selected because only those willing to participate were involved in the study. The majority of these investigators were part of the RedGDPS (Red de Grupos de Estudio de la Diabetes en Atención Primaria de la Salud, Network for the Study of Diabetes in Primary Health Care). Thus, it was impossible to dismiss investigatorrelated bias and which patients were included. Another source of bias can come from the frequency of visits by the patients. However, the fact that the results of the present study were similar to other studies indicates that these biases had little influence on the final data. Importantly, all patients included in this study had to present normal or altered eGFR and UACR values in two of three determinations in a period of three or more months. If these requirements were not met, new eGFR and UACR determinations were required. The patients that did not fulfil this requisite were excluded from the final analysis.
Conclusion
In conclusion, this study demonstrated that the prevalence of CKD in a sample of 1145 DM2 patients in primary care consults was 27.9%. A systematic determination of GFR and UACR would contribute to an earlier diagnosis, thus allowing intervention in early stages of the disease in which treatment is more efficacious. 
